PB, a respiratory pattern consisting of alternating respiratory pauses and breaths, has been studied extensively in infants during the last decade. PB comprises <2% of the respiratory pattern in most normal infants during the first months of life (1-3), and occurs more frequently and in higher amounts in preterm infants (4-8). PB may therefore reflect an immaturity of developing respiratory control system elements which does not normally indicate any abnormalities or pathology; however, elevated amounts of PB have been reported in some infants "near-miss" for SIDS and in some SIDS victims (9-1 3).
PB, a respiratory pattern consisting of alternating respiratory pauses and breaths, has been studied extensively in infants during the last decade. PB comprises <2% of the respiratory pattern in most normal infants during the first months of life (1) (2) (3) , and occurs more frequently and in higher amounts in preterm infants (4) (5) (6) (7) (8) . PB may therefore reflect an immaturity of developing respiratory control system elements which does not normally indicate any abnormalities or pathology; however, elevated amounts of PB have been reported in some infants "near-miss" for SIDS and in some SIDS victims (9-1 3) .
Although most studies of PB in infants have been limited to observations on the incidence or amount of PB in normal and high-risk groups, relatively few investigations have focused on the mechanisms underlying PB. Recently, Barrington et al. (14) described a decrease in PCD in te>m infants during thefirst 3 mo of life. PCD was calculated for 2-10 cycles/PB episode and was definid as the time interval between the initial breath of one breathingjrespiratory pause cycle and the initial breath of the next. PCD progressively decreased from 15.0 s at 1 wk to 12.4 s at 12 wk, and these authors proposed that PCD may provide a noninvasive index of respiratory system chemoreceptor maturation in the infant during development.
In the present study, we measured PCD during two episodes of PB in 5 1 preterm infants. Information about PCD in preterm infants is of interest for several reasons. First, the observations of Barrington et al. (14) regarding PCD and age can be extended to earlier GA and CA groups. Second, the percentage of PB and duration of the longest episode of PB in preterm infants are an order of magnitude higher than comparable values from term infants (8) , and therefore data on PCD in preterm infants would allow a more detailed examination of the characteristics and variability of PCD in this age group. Finally, if PCD values reflect the developmental status of the respiratory control system, measurement of PCD in preterm infants, who are at higher epidemiologic risk for SIDS (1 5) , may be useful in determining respiratory system pathology in some infants.
METHODS
Prior to discharge from the Stanford newborn nurseries, 51 preterm infants were studied. After written consent was granted by the parents, 24-h cardiorespiratory pneumograms were obtained at the infant's bedside in the intermediate or intensive care nurseries. Changes in arousal state were not monitored in these studies. Two-channel thoracic impedance pneumograms were recorded with a Healthdyne Infant Monitor (Healthdyne Inc., Marietta, GA) (model 16900) at a paper speed of 25 mm/ min. Infants were eligible for this study if they were within 2 wk of expected discharge home, had normal body temperatures while clothed in an open crib, and were asymptomatic for apnea and bradycardia. Premature infants at Stanford are usually considered ready for discharge when they are feeding well by bottle or breast and gaining wt consistently, which frequently coincides with a CA of 36-37 wk and body wt approaching 2000 g. Infants who were on theophylline, who had chronic pulmonary disease requiring diuretics or supplemental oxygen treatment, or who had intracranial hemorrhage (grades 3 or 4) were excluded.
The infants in this study were a subset of 66 preterm infants in which characteristics of PB were previously reported (8) . The characteristics of this preterm population are summarized in Table 1 . PB was defined as an episode of three or more respiratory pauses of 2 3 s duration with intervening periods of respiration of 520 s. PCD was defined in this study as the time interval from the beginning of one respiratory pause to the beginning of the next pause ( Fig. 1) . To optimize our ability to observe variability in PCD, we examined the records of infants where the longest episode of PB exceeded 2 min. Two PB episodes were chosen from each of these 51 infants: the longest episode (El) and another, arbitrarily chosen episode (E2). All of the PCD intervals in each PB episode were measured, and the mean PCD (-tSD) was calculated. The correlation between mean PCD El and mean PCD E2 for all infants was tested by linear regression /2), and the nonparametric Kruskal-Wallis test was used to determine whether the overall PCD varied between different CA groups. Multiple regression analysis was used to examine possible relationships between GA, PNA, and PCD. Results were considered significant at p < 0.05.
RESULTS
Variability in PCD. The analysis of over 2600 PB cycles revealed that PCD values varied considerably both within a given PB episode and between El and E2 of each infant ( Table 1 ). The variability in PCD within a given PB episode was analyzed by calculating the mean of the SD of El and E2 for all the infants. These SD means were 3.2 and 2.8 s, respectively, which are more than the 2.6-s difference in PCD between 1 and 12 wk in term infants (14) .
If PCD is primarily related to the age of an infant, we would expect no difference in the mean PCD values of El and E2. In our data, the relationship between El and E2 showed a significant linear trend ( r = 0.68, p < 0.01); however, 2415 1 (47%) of the values fell outside of the 95% confidence limits for the true mean of Y (Fig. 2) . The difference between the PCDEl and the PCDEZ for each infant varied from 0 to 6.9 s (mean 1. Relationship between age and PCD. The influence of CA, GA, and PNA on PCD is depicted in Figure 3 . There were no significant differences in PCD between different CA groups (p = 0.408). Moreover, multiple regression analysis showed that PCD was not related to GA or PNA ( p > 0.13).
DISCUSSION
Previous studies of PB in preterm and term infants have largely been confined to descriptions of the number of episodes, episode lengths, and the percentage of PB in a recording (2, 3, 8) . However, the mechanisms which determine the timing, generation, and characteristics of PB episodes are poorly understood. Several groups have provided models of the temporal organiza- 
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Gestational age (wk) Postnatal age (wk) Fig. 3 . The mean (+SEM) PCD as a function of postconceptional, gestational, and postnatal age reveals no difference in periodic breathing cycle duration with age group ( p > 0.13). Pneumograms were obtained near the time of discharge from the nursery; therefore, infants at earlier GA were studied at relatively later PNA, and infants approaching term were studied at relatively earlier PNA. The numbers in parentheses refer to the number of infants in each group. tion and cyclicity of PB and apnea (16) (17) (18) , but little actual data are available on the infrastructure of infant PB episodes. Barrington et al. (14) recently studied the interval between respiratory cycles within an PB episode in term infants, and found that cycle duration progressively decreased over the first 3 mo of life. As physiologic (19) and histochemical (20) studies also support the concept of decreased respiratory chemoreceptor delay time with postnatal development, Barrington et al. (14) suggested that PCD values could provide a noninvasive index of both normal and abnormal respiratory chemoreceptor maturation in the infant. For example, the elevated dopamine levels found in the carotid bodies of some SIDS victims may reflect abnormal maturation of peripheral chemoreceptor activity (2 1, 22), and it is possible that PCD values could provide a novel tool for determining respiratory system pathology where examination of other PB varameters have failed to differentiate consistentlv infants at hsk for SIDS from normal infants (13, (23) (24) (25) .
In contrast to the results of Barrington et al. (14) , there was no correlation between PCD values and age in preterm infants in this study. Furthermore, substantial variability in PCD exists both within a given episode of PB and between two different episodes from each infant. There are several possible explanations for the differences in our data and the results of Bamngton et al. (14) . First, the PB parameters studied most often (%PB/ QT, number of episodes PB/100 min QT, mean length of PB, and duration of the longest episode of PB) are all significantly higher in preterm infants than in normal term infants (8) . We thus had the opportunity to measure and compare PCD in two relatively long PB episodes from each infant, and we measured all cycles in each of these two episodes (mean 34.8 and 17.4 cycles for El and E2, respectively). As the mean duration of PB episodes is approximately 45 s in term infants (2), Barrington et al. (1 4) had access to relatively few PB cycles in each PB episode, and it was not stated if all the cycles within an episode were chosen for analysis.
Second, PB occurs during both quiet sleep and active sleep in preterm infants; however, it is largely confined to active sleep in term infants (7, 14, (26) (27) (28) . Although Barrington et al. (14) reported that PCD was not significantly influenced by sleep state in term infants, the higher amount of PB occurring in quiet sleep coupled with longer PB episodes in preterm infants compared to term infants suggests that sleep state could influence PCD variability, especially in light of the sleep state-dependent changes in respiratory control system characteristics which occur in both adults and infants (29) .
In summary, the age-related decline in PCD seen in term infants (14) was not found in the preterm infants in this study. Moreover, the high variability of preterm PCD values appears to limit the utility of PCD in predicting dysfunction of chemoreceptor control or postneonatal morbidity. Future studies focusing on the relationship between PCD, sleep state, and arterial oxygen tension will provide further insight into the mechanisms governing PCD variability in preterm infants.
